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/VBSTRACT 
Molecular markers may facilitate the identification of and selection for quantitative trait 
loci (QTL) that control economically important traits. The objective of the study was to 
compare the efficiency of selection among soybean [Glycine max (L.) Merrill] lines for 
seed yield based on single replication progeny-row-yield tests (PRYT), molecular marker 
loci selected by pedigree analysis, and a combination of PRYT and molecular marker 
data. A total of 380 random Fa-derived lines from three populations were evaluated in the 
PRYT at Ames, lA, in 1997 and were genotyped for simple sequence repeats (SSRs) that 
had been chosen by pedigree analysis for their association with seed yield. The lines were 
divided into 13 tests for evaluation in 1998 at five or six Midwest locations in replicated 
yield tests. The average phenotypic correlation coefficient between the mean yield of 
lines in the 1998 test and their PRYT yield was 0.24, molecular marker score was 0.19, 
and index value was 0.35. The index was superior on the average to the PRYT or 
molecular marker score individually for selection of the highest yielding lines in the 1998 
tests. The selection differential based on the index was superior on the average to the 
PRYT or molecular marker score individually in two of the three populations. Marker-
QTL associations established by pedigree analysis should be useful alone or in 
combination with PRYT for selection among lines for seed yield in a cultivar 
development program. 
1 
INTRODUCTION 
Plant breeding is the art and science of increasing the value of a crop through genetic 
manipulation. The plant breeder intermates plants with different genetic backgrounds and 
attempts to select progeny with superior performance. A difficulty for plant breeders is the 
accurate identification of the superior offspring for some traits (Robson et al., 1967; 
Johnson, 1989). Many traits of importance, such as grain yield, are quantitatively inherited 
(Hallauer and Miranda, 1981). 
The plant breeder must rely on phenotypic measurements to determine the genotype 
of an individual (Robson et al., 1967). Phenotypic evaluations of individuals for quantitative 
traits typically display non-discrete distributions that are the result of multiple genetic factors 
and enviroimiental effects that render the phenotype a weak predictor of the genotype 
(Churchill and Doerge, I994-). The breeder uses two main strategies to reduce the effect of 
environment on selection of genetically superior individuals. The most common strategy is 
to evaluate individuals in multiple diverse environments to obtain an average measure of the 
phenotype. Alternatively, a plant breeder can utilize molecular marker methods that direcdy 
assay the genotype. 
It is possible to systematically identify genes controlling a trait without any prior 
biological knowledge of how they function. Genetic mapping compares the inheritance 
pattem of a trait with the inheritance patterns of chromosomal regions. Although the concept 
of quantitative trait loci CQTL) dales back to early in the century (Sax, 1923), it was only 
recendy that genetic linkage maps were developed based on DNA polymorphism. Trait 
selection based on molecular markers has been suggested as a more direct method of 
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selecting superior genotypes than measurements of the phenotype of individuals. For genetic 
marker-based selection to be successful, an association between marker loci and the trait 
must be established. The resolution of quantitative traits into discrete genetic factors is the 
first step in this process. While it is possible to identify and monitor segregation of discrete 
qualitative markers that are closely linked to quantitative trait loci (QTLs), it is unlikely that a 
genetic marker would be discovered that shows perfect cosegregation with a complex trait. 
A primary motivation for development of molecular markers in crop species has been 
the potential for increeised efficiency of selection through marker-assisted selection (MAS) 
(Tanksley et al., 1981; Edwards et al., 1987; Lande and Thompson, 1990; Stuber, 1992; 
Dudley, 1993; Knapp, 1994). Molecular markers have been used to assist backcross breeding 
of single genes from transgenic and unadapted germplasm, but have not been shown to be 
more efficient than phenotypic evaluations for quantitative traits. The general method used 
to identify marker-QTL relationships utilizes segregating populations derived from the 
intermating of two parents. The parents are typically selected for their phenotypic and 
genotypic differences. These studies attempt to take advantage of the high degree of genetic 
disequilibrium present in Fj, backcross, and recombinant inbred populations. By minimizing 
oppormnities for recombinadon, marker loci need not be tightly linked to QTLs to establish a 
significant association. A major weakness of QTL analysis has been that conclusions can 
only be made about genetic variation that exists within the segregating population that is 
being studied. This is extreinely limiting for a trait such as yield because no one population 
contains the myriad of yield genes available in the species. A pedigiee-based analysis 
attempts to overcome the shortcomings of earlier methods of QTL analysis. By conducting 
3 
genetic marker analysis of a set of current elite lines and the ancestral population from which 
they were derived by decades of plant breeding, it is possible to determine and compare the 
expected and observed allele frequencies within elite populations at numerous polymorphic 
loci. Because traditional plant breeding efforts have consistently utilized yield as a selection 
criteria, deviations from expected allele frequency at certain loci have been used to identify 
alleles that confer yield potential. 
The objective of the study was to compare the efficiency of single replication 
progeny-row-yield tests (PRYT), molecular marker loci selected by pedigree analysis, and an 
index of PRYT and molecular marker data to select among soybean lines for seed yield. 
4 
LITERATURE REVIEW 
Many soybean traits of commercial interest are quantitatively inherited. Quantitative 
traits are characterized by a continuous rather than discrete distribution of phenotypic 
expression due to environmental variation that masks the boundaries between distinct 
genotypic classes (East and Hayes, 1912; Fisher, 1918). The determination of genotypic 
information from phenotypic values is imprecise because evaluation of the trait may be 
confounded by environmental effects. The greatest barrier to progress in selection for 
quantitative traits is the lack of repeatability of phenotypic trait values in different 
environments. Although genetic differences in phenotype potential exist among individuals, 
environmental effects make it difficult to identify genetically superior individuals. The 
heritabilities of quantitative traits tend to be low (Robson et al., 1967; Johnson, 1989). 
Heritability is the rado of genetic to phenotypic variation and is important to the efficiency of 
the selection process. 
Identifying individuals with the most favorable genotype is one of the most difficult 
and challenging aspects of plant breeding (Hallauer and Miranda, 1981). Selecting solely on 
the basis of phenotype can be an inefficient strategy. In contrast, selecting on the basis of a 
genotype such as a molecular marker can improve the efficiency of selection. The 
effectiveness of marker-assisted selection (MAS) can be described in terms of indirect 
selection in which the heritability of the marker loci is essentially one for codominant 
markers (Dudley, 1993; Lande and Thompson, 1990; Lande, 1992; Knapp, 1994). 
Plant breeders commonly conduct visual selection for traits of economic importance 
in progeny rows before yield evaluation in replicated row plots. Visual selection in progeny 
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rows of soybean has been displaced in some breeding programs by direct yield evaluation in 
small plots referred to as microplots, hill plots, short rows or progeny-row-yield tests 
(PRYT). PRYTs have been utilized to maximize the amount of genetic gain per year in a 
breeding program by reducing the number of years required to complete a cycle of selection 
(Eberhart, 1972; Fehr, 1976). Small grain breeders have observed that hill-plot testing results 
in experimental precision and efficiency similar to that of large plots if the number of 
replications is large (Bonnet and Bever, 1947; Ross and Miller, 1955; Frey, 1965; Jellum et 
al., 1963). Pfeiffer (1987) reported that the phenotypic conrelation coefficients between 
random soybean lines in hiU plots and two-row plots ranged from 0.09 to 0.43. Sentz (1958) 
reported that the yield ranking of soybean cultivars in hill plots and row plots of the size used 
in yield testing was not consistent. Torrie (1962) reported that the phenotypic correlation 
coefficient between unbordered hill-plots spaced 91 x 91 cm and single-row plots 91 cm 
apart was 0.74 for yield. Green et al. (1974) used elite lines and cultivars to evaluate the 
effectiveness of unbordered hill plots at 51 x 51 cm and 102 x 102 cm spacing for predicting 
performance in wide- and narrow-row management. They concluded that maturity and height 
in small plots corresponded well with the same traits measured in bordered-row plots. The 
correlation between plot types for lodging score and yield varied from year to year. They 
concluded chat small plots, particularly the short single-row plots at the 102-cm spacing, may 
be suitable for predicting performance in bordered rows at the same spacing. Garland and 
Fehr (1981) compared a set of 50 random homozygous lines in single hill-plots and row plots 
in several environments. Heritabilities for maturity, height, and lodging were similar 
between the two plot types. The interplot error variance for yield was twice as large in hills 
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as in rows, but heritability for yield was only slightly greater in rows than in hills. The 
genotypic correlation between yield in rows and yield in hills was 0.91. Although there is 
disagreement among the studies regarding the experimental precision and efficiency of 
microplots they are commonly utilized for the initial yield evaluation of soybean lines. 
Agronomic characteristics of commercial importance have been attractive targets for 
the application of biotechnology tools in plant breeding. Molecular markers are a promising 
technology to increase the selection efficiency of superior individuals in breeding 
populations, which will accelerate the rate of yield improvement. Molecular mapping 
compares the inheritance pattern of a trait with the inheritance patterns of DNA from 
different chromosomal regions. The approach is based on Mendelian genetics and can be 
applied to any trait. 
Molecular markers have made it possible to map the entire genome of a species. 
Because markers are potentially unlimited in number and genomic distribution, there is 
interest in their use for the identification and selection of quantitative trait loci (QTL) that 
control economically important traits. The key breaicthrough was the recognition that 
naturally occurring DNA sequence variation provided a virtually unlimited supply of genetic 
markers, which was first proposed by Botstein et al. (1980) for yeast crosses. Marker-
assisted breeding can be used for selecting parents, increasing the effectiveness of backcross 
breeding, and increasing the efficiency of selection by eliminating expensive, slow or 
difficult trait assays (Tanksley et al., 1981; Edwards et al., 1987; Lande and Thompson, 1990; 
Stuber, 1992; Dudley, 1993; Knapp, 1994). 
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Marker-assisted selection (MAS) requires the identification of associations between 
marker alleles and QTLs (Tanksley et al., 1981; Edwards et al., 1987; Stuber, 1992), QTL 
effects can be identified and estimated through linkage disequilibrium created by crossing 
two inbred lines or divergent populations (Lande and Thompson, 1990) or through linkage 
disequilibrium created within families in outbred species (Ruane and Colleau, 1995). The 
infomiadon provided by molecular markers can be used in breeding programs to estimate the 
genedc value of the individuals submitted to selection (Lande and Thompson, 1990). Once 
effects attributed to markers have been estimated, it is possible to exploit marker information 
in breeding populations for a limited number of cycles of recurrent selection. Markers under 
selecdon become rapidly fixed. Sustaining the contribution of a marker locus to genetic 
response will depend on the maintenance of linkage between the marker locus and the QTL 
under selection. 
In theory, selection in breeding populations would be performed using an index that 
combines phenotypic and marker information, the latter being derived from regression of the 
phenotype on the marker genotype (Lande and Thompson, 1990; Moreau et al., 1997; Zhang 
and Smith, 1992; Gimelfarb and Lande, 1994; Wittaker et al., 1995). The efficiency of MAS 
compared with phenotypic selecdon has received considerable attention. Several statistical 
models have been developed to investigate the efficiency of MAS for the improvement of 
quantitative traits in breeding programs. Computer simulation studies by Zhang and Smith 
(1992) and Gimelfarb and Lande (1994) confirmed that use of MAS could be more efficient 
in improving selection response than the corresponding phenotypic selection schemes. These 
studies supported the theory that MAS could be usefiil in improving selecdon response for a 
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quantitative trait with low hertiability provided that the marker loci explain a substantial 
proportion of additive genetic variance of the quantitative trait. When a quantitative trait has 
a low heritability, the effect of each underlying individual QTL must be very small in relation 
to the phenotypic standard deviation (Beavis and Keim, 1995). A selectively advantageous 
allele at the QTL could be lost due to random genetic drift in populations with a finite size. 
The use of MAS may be advantageous in reducing the genetic drift and increasing the 
probability of fixation of the selectively favored allele. The relative efficiency of MAS seems 
to depend mostly on population size. In small populations, effects attributed to markers are 
poorly estimated and the power of detection is low. The effect of population size is more 
important at low heritaibilities because marker effects are poorly estimated and the power of 
detection decreases (Charcoset and Gallais, 1996; Lande and Thompson, 1990; Zhang and 
Smith 1992; Gimelfarb and Lande, 1994; and Moreau et al., 1997). 
An important question for MAS is whether a trait of interest is under the control of 
one or a few major genes. For quantitative traits, identifying major genes and understanding 
genes at different loci is difficult. Epistasis, or interaction between nonallelic genes, is an 
important factor that affects phenotypic expression of genes and genetic variation in 
populations. Gene interaction is the core of Wright's theory of the genetic basis for evolution 
(Wright, 1932; 1951) and plays a key role in founder effect models of speciation (Templeton, 
1979; 1980). Although molecular evidence of interacting genes influencing development has 
accumulated at a rapid rate, knowledge of how epistatic genes influence quantitative 
phenotypes reiaains incomplete because of the complexities of studying quantitative traits. 
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Nevertheless, a considerable body of classical evidence has strongly suggested prevalence of 
epistasis affecting quantitative traits in populations (Hallauer and Miranda, 1981). 
Although QTL mapping using DNA markers has improved the understanding of the 
genetic basis of quantitative traits, many studies in plants and animals have created more 
questions than answers (Edwards et al., 1987; 1992; Stuber et al., 1987; 1992; Paterson et al., 
1988; 1991a; b; 1995; Fatokun et al., 1992; DeVincente and Tanksley, 1993; Kowalski et al., 
1994; Anthony et al., 1995; Georges et al., 1995; Horvat and Medrano, 1995; Li et al„ 1995a; 
b). Specifically, a limited number of QTLs with relatively large phenotypic effects have been 
identified for most quantitative phenotypes regardless of the complexity of the trait and the 
genetic variation in the mapping populations. A related observation is that each identified 
QTL often explains only a portion of the total variation. This deviates from classical genetic 
theory that would suggest that a large number of genes, each having a small effect, are 
involved in quantitative genetic variation. Factors such as environmental influences, 
physiological pleitropy, QTLs with effects too small to detect, covariances between closely 
linked QTLs, and epistasis may partially explain these observations (Paterson et al., 1991a; 
b;Zeng, 1993; Cockerham and Zeng, 1996). 
The utility and power of QTL analysis has been limited by the fact that conclusions 
can only be made about genetic variation that exists within the segregating population being 
studied (Beavis et al., 1991; Beavis, 1994; Beavis and Keim, 1995; Stuber et al., 1992; 
Stuber, 1994). QTL analysis is dependent on the assumption that any given quantitative trait 
phenotype can be measured with a high degree of precision with litde experimental and 
environmental error. Individual measurements for quandtative phenotypes are typically 
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confounded with experimental error and environmental effects. Mapping of QTLs for yield 
requires costly and time consuming replicated yield testing over many environments, so that 
each individual is assigned an average measure of phenotype that is reliable. Reliable 
phenotypic estimates are essential for making meaningful correlations between yield genes 
and DNA markers. 
Pedigree linkage analysis has been proposed as an alternative method for QTL 
detection (Sebastian et al., 1995). The method involves a model to explain the inheritance 
pattern of phenotypes and genotypes observed in a pedigree (Ewens and Spielman, 1995; 
Hedrick, 1987; Julier et al., 1991; Lewontin, 1988; Sokal and Rohlf, 1981; Spielman et al., 
1993; Weir, 1979). QTL detection based on pedigree analysis in plant genetics is based on 
the premise that superior genotypes have been developed by multiple cycles of selection in 
which populations are formed, individuals from the populations are evaluated for the trait of 
interest, and superior individuals are mated to form new populations to repeat the process. 
The assumption is that the alleles underlying the superior phenotypes will increase in 
frequency due to selection. By conducting molecular marker analysis of a set of elite 
cultivars and the ancestors from which they were derived by decades of plant breeding, it is 
possible to compare the expected and observed allele frequencies within the elite cultivars at 
numerous polymorphic loci. Because traditional plant breeding efforts have consistently 
utilized yield as a selection criteria, deviations from expected allele frequency at certain loci 
can be used to identify marker alleles that are associated with seed yield. The marker-QTL 
relationships identified by pedigree analysis are not specific to one population and may be 
useful in selecting for seed yield among soybean lines in diverse breeding populations. 
II 
MATERIALS AND METHODS 
The study consisted of pedigree analysis of a set of elite and ancestral soybean 
cultivars and lines to identify the marker alleles associated with seed yield and evaluation of 
the effectiveness of the chosen marker alleles to select for seed yield among lines from three 
populations. The elite cultivars used in the pedigree analysis were independent of the parents 
of the populations used to test the effectiveness of the marker alleles for yield selection. 
Pedigree Analysis 
Nine proprietary elite cultivars from Asgrow Seed Company LLC were chosen for 
pedigree analysis based on their proven commercial value and success as parents in the 
breeding program. The cultivars of Maturity Group I to in were assigned code designations 
for this study of ASGOOl, ASG002 (Matson and Lewis, 1996), ASG003 (Lussenden, 1995), 
ASG004 (Paschal, 1996b), ASG005, ASG006 (Lussenden, 1996), ASG007 (Matson et al., 
1995), ASG008 (Moots, 1995), and ASG009. The pedigrees of the nine cultivars were 
traced to their ancestors. Based on the assumption that an average of 50% of the alleles of a 
parent are transferred to each progeny in a two-parent cross, the predominant ancestors of 
each cultivar were determined by coefficient of parentage (Falconer and Mackay, 1996). The 
ancestral cultivars and lines included 'A.K. Harrow', 'CNS', 'Dunfield', 'Lincoln', 
'Mandarin Ottawa', 'Mukden', PI54.610, 'Patoka', 'Richland', 'Roanoke', 'S-100*, and 
'Tokyo'. 
The genotypes of the nine elite cultivars and 12 ancestors were determined with 243 
proprietary simple sequence repeat (SSR) markers. DNA was extracted from a bulk of three 
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leaves from seven random plants of each cultivar or line as described by Saghai-Maroof et al. 
(1984). 
Marker and seed yield associations were identified by the pedigree analysis detailed 
by Sebastian et al. (1995). The analysis calculated the expected frequency of each marker 
allele in the elite cultivars with the assumption that selection for seed yield had no influence 
on allele frequency. The expected allele frequency was compared with the observed 
frequency in the nine elite cultivars. Favorable SSR alleles were identified as those that had 
been inherited more frequently than expected and unfavorable alleles were those inherited 
less frequently than expected. 
The first step in pedigree analysis was to determine the status of each marker allele in 
I 
an elite cultivar or ancestor as Myso^s, where My was the marker genotype for the /th locus in 
the yth line. A 1 represented homozygosity for the marker allele, 0.5 represented 
heterozygosity for the allele, and 0 indicated absence of the allele. 
The second step was to calculate the probability of finding an allele at a locus in an 
elite cultivar assuming the allele was not preferentially selected during its development. The 
AnceKon 
formula used was Pzy = , where Pzy was the probability for the zth allele and the 
j 
3^ elite cultivar, Cjy was the coefficient of parentage for the yth ancestor in the yth elite 
cultivar, and My was the marker genotype for the ith locus and the yth line. 
The third step in pedigree analysis was to calculate the expected allele frequency (At) 
at a locus across the nine elite cultivars assmning a marker allele was not favored by 
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Elites 
selection for seed yield. The formula was A-, = —' , where Ai was the expected allele 
n 
frequency at the ith locus, n equaled the number of elite cultivars, and Pjy was the probability 
for the zth allele and the yth elite cultivar. 
The observed allele frequency (Oi) for a given allele within the elite cultivars was 
expressed as the sum of allele frequencies in the individual elite cultivars. The formula used 
Elites 
was Oi = where Mij was the marker genotype for the Ah locus and the yth elite 
j 
cultivar. The observed frequency for each allele among the elite cultivars (O-,) was compared 
with the expected allele frequency (Ai). A chi-square (Xi") value was computed to determine 
the significance of deviations from expected allele frequency for each locus as X,^ = 
2 
(Oi — Ai) •) 
2^ — . The Xi* value should approximate the chi-square distribudon with the degrees 
of freedom equal to the number of alleles at the locus minus 1. Alleles that were favored by 
selection for seed yield for each locus were determined by a log probability of -1.0 or less. A 
significant Xi" test was considered evidence for rejecting the hypothesis that selection for 
seed yield did not favor one allele over another. 
Experimental Populations 
Three populations were developed for the study. The cross of ASGOlO x G94-19 was 
designated as Population 1, ASGOll x G94-L9 as Populadon 2, and ASG0I2 x G94-19 as 
Population 3. G94-I9 was a transgenic experimental line of Maturity Group 2 derived from 
an insertion of the q)-6 fatty acid desaturase (jFAD2) gene into the cultivar ASG013 (Yadav et 
al., 1993). G94-19, developed by Asgrow Seed Company LLC and Dupont, has an oleic acid 
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content in the seed oil of «770 g kg"' compared with «=245 g kg"' for conventional cultivars. 
ASGOlO (Paschal, 1996a), ASGOll, ASG012, and ASG013 were elite cultivars of Maturity 
Groups 1 to 3 from Asgrow Seed Company LLC. The crosses were made in the spring of 
1996 and the Fi plants were grown in the summer of 1996 at Isabela, PR. The Fz plants were 
grown at Isabeia in the fall of 1996 and one pod was picked from each plant. One seed from 
each pod of each plant of a population was bulked at harvest. The bulk of F3 seeds was 
planted at Isabela in 1997 (Figure 1). Individual F3 plants were harvested and a bulk sample 
of seven seeds was evaluated for oleic acid content by gas chromatography. Plants were 
selected that had ^ 770 g kg"' oleic acid. There were 210 F3 plants selected from Population 
1, 85 from Population 2, and 85 from Population 3. 
Progeny-Row-Yield Test (PRYT) 
A sample of 45 seeds from each selected plant was grown as an F3:4 progeny row in 
one replication at Ames, lA, in 1997. The PRYT block consisted of 12 rows and 48 tiers. 
The lines from each population were kept together in the block. A plot was a single row 1.5 
m long with a spacing of 70 cm between rows and a 91 cm alley separating the ends of the 
plots. The first and twelfth rows of the block were planted to check cultivars that served as 
the reference for maturity classification of each F3:4 line. The maturity for each PRYT line 
was established based on checks of known maturity. The maturity of the check lines were 
measured as days after 31 August when 95% of the pods had reached their mature color in 
previous growing seasons. Each plot was harvested with a self-propelled combine, the 
weight and moisture of the grain were measured, and seed yield was calculated in kg ha'^ on a 
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13%-moisture basis. Each Fs-derived line was grown at Isabeia, PR, in January 1998 to 
increase seed for the replicated yield test in 1998. 
Parent A x Parent B 
1996 Puerto Rico F| 
1996-97 Puerto Elico F2 
1997 Puerto Rico F3 Single plants pulled to derive 
F3:4 lines. 
1997 Iowa F3:4 
PRYT evaluation. All lines advanced 
without selection. 
1997-98 Puerto Rico F3:5 Seed increase. 
1998 U.SA. F3:6 Replicated yield trials of all lines. 
Figure 1. Method of population and line development 
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Replicated Yield Test 
The 380 F3;6 lines were partitioned into 13 tests based on their maturity (Table 1). 
Each test contained lines from only one of the three populations. All tests were grown in a 
randomized complete-block design with two replications at each location. Each plot 
consisted of four rows 4 m long witii a row spacing of 70 cm and a 1.5 m alley. Matxirity was 
measured as days after 31 August when 95% of the pods had reached their mature color. The 
two center rows of each plot were harvested with a self-propelled combine to determine seed 
yield in kg ha"' on a 13%-moisture basis. 
The analysis of variance for each individual test at a location, combined tests across 
locations, and least squares treatment means were calculated according to the PROC GLM 
procedure of SAS (1992). The model for the combined analysis of variance was; 
Yjjk = 11 + Ei + Rij + Gic + (EG)ij -h ejjk 
where Yijk= observed value of the k"* genotype in the j'*' replicate at the i"* environment, 
= the overall mean effect, 
Ei = the effect of the i"" envirormient, 
Rij- = the effect of the j"* replicate in the i**^ environment, 
Gk = the effect of the k"* genotype, 
(EG)ij = the effect of the interaction between the i"* environment and the k"* genotype, and 
ejjk = the error effect associated with the iik"* observation. 
The analysis of variance format is shown in Table 2. Genotypes, locations, and replications 
were considered random effects. 
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Table 1. Number of lines of a population in the 1998 tests and the location of the tests. 
Test 
YT YT YT YT YT YT YT YT YT YT YT YT YT 
Location 160 190 231 261 263 265 291 292 293 294 332 333 334 
Redwood Falls, MN X 
Mapleton, MN X X 
Janesville, WI X X K X X X X X X X 
Cambridge, lA X X X X X X X X X X X X X 
Conrad, lA X X X X X X X 
McCool Jct.,NE X X X X X X X X X X X X X 
Oxford, IN X X X X X X X X X X X 
Monmonth, IL X X X X X X X X X X X 
Stongington, DL X X X 
Population^ 3 3 2 3 1 2 1 I 1 2 1 1 2 
No. of lines 20 23 19 41 34 24 34 41 36 24 40 25 18 
^ X = Yield test was planted at the location. 
* Population from which the lines were derived. 
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Table 2. Form of the combined analysis of variance and mean squares. 
Sources of Variation Df Mean Squares Expected Mean Squares 
Environments (E) e-1 + gtJ^R/E + gccTE 
Replications / E e(r-1) + g(rR/E 
Genotype (G) g-1 Ml cr + rtTcE + 
G x E  ( g - l ) ( r - I )  M 2  a ^  +  r < r c E  
Error (r-l)[e(c-l)] M3 cr 
Total erc-1 
Data Analysis 
Three methods were used to evaluate the effectiveness of the PRYT and molecular 
markers to select the superior F3:6 lines in the 1998 tests. The first method, P, was to select 
the highest yielding lines based on their performance in the PRYT. The second method was 
based on a molecular marker score, M, for which all marker alleles segregating in a 
population were given a value of 1 for homozygous favorable, 0 for heterozygous, and -1 for 
homozygous unfavorable as defined by the results of the pedigree analysis. The third method 
was an index, R, that combined the PRYT data and the molecular marker score. The index 
was expressed as It = b^Zi + bmMu where Ic was the index value for the ith. line, Zi the PRYT 
yield of the ith line in kg ha ^ bj the weight givei^ to the PRYT yield. Mi the molecular 
marker score of the ith Line, and bm the weight given to the molecular marker score. 
Regression coefficients for each test were determined using PROC REG SAS C1992) in 
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which the mean yields of the lines in the replicated tests were the independent variable and 
the PRYT and molecular marker scores were the dependent variables. 
Three criteria were used to determine the effectiveness of the three methods to predict 
the yield of the lines in the 1998 test: (i) phenotypic correlation coefficients were calculated 
to determine the relationship between the value of a line based on each method and its mean 
yield in the 1998 test; (ii) the percentage of F3:4 lines that had to be selected to retain one or 
more of the four highest yielding lines in the 1998 tests was calculated for each method; (iii) 
the response to selection, S, was determined for each of the three methods as S = X, - Xo, 
where Xs was the mean yield in 1998 of the top four selected lines in each test for each 
method of selection and Xo was the mean yield in 1998 of all lines in the test. 
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RESULTS 
Pedigree Analysis 
The predominant ancestors of each elite cultivar was determined by coefficient of 
parentage (Table 3). The genotype of each elite cultivar and ancestor was determined for 243 
simple sequence repeats (SSR). The SSR genotypes of the ancestors were used to calculate 
the expected allele frequencies within the group of nine elite cultivars, and the SSR 
genotypes of the elite cultivars were used to calculate the observed allele frequencies. 
Thirteen of the 243 SSR markers had a log probability of -1.0 or less, which indicated that 
they were associated with QTL for seed yield. Log probabilities of the coded SSR markers 
were -1.1 for SMOOl, -1.8 for SM002, -1.5 for SM003, -1.1 for SM004, -2.0 for SM005, -1.6 
for SM006, -1.6 for SM007, -L3 for SM008, -1.0 for SM009, -2.3 for SMOlO, -1.7 for 
SMOll, -1.0 for SM012, -1.3 for SM013. The parents of the three experiment populations 
were screened for polymorphism with these markers. Each population was segregating for a 
different subset of the 13 markers (Table 4). 
Selection Effectiveness 
The phenotypic correlation coefficients between mean yield of the Fs-derived lines in 
the 1998 tests and their values based on P, M, and R were significant in three tests for P, 0 
tests for M, and four tests for R (Table 5). The mean of the coefficients across tests and 
populations were 0.24 for P, 0.19 for M, and 0.35 for R. The correlation analysis indicated 
that selection among the lines based on M would be almost as effective as selection 
based on P and that selection based on an index of P and M would be superior to either 
method individually. 
Table 3. Coefficient of parentage for each ancestor used in the pedigree analysis. 
Elite Cultivars 
Ancestor ASGOOl ASG002 ASG003 ASG004 ASG005 ASG006 ASG007 ASG008 ASG009 X 
A.K.Harrow 0.08 0,07 0.12 0.04 0.13 0.11 0.08 0.08 0.07 0.09 
CNS 0.06 0.08 0.02 0.14 0.10 0.04 0.12 0.12 0.17 0,09 
Dundetd 0.07 0.02 0.06 0.04 0.04 0.04 0.06 0.06 0.07 0.05 
Lincoln 0,48 0,31 0.33 0.19 0.28 0.26 0.27 0.28 0.28 0.30 
Mandarin Ottawa 0,03 0.13 0.16 0.00 0.09 0.19 0.08 0.05 0.00 0.08 
Mukden 0,00 0,07 0.06 0,00 0.00 0.09 0.00 0.02 0.00 0.03 
PI54610 0.02 0,01 0.05 0,00 0.00 0.03 0.03 0.01 0.02 0.02 
Patoka 0.00 0,02 0.00 0.03 0.03 0.01 0.02 0.04 0.06 0.02 
Richland 0,13 0,15 0.12 0.05 0.08 0.15 0.10 0.10 0.08 0.11 
Roanoke 0.00 0,02 0.00 0,03 0,03 0.01 0.03 0.04 0.06 0.02 
S-100 0,01 0.04 0.00 0,11 0.05 0.02 0.08 0.07 0.11 0.05 
Tokyo 0.02 0,01 0.05 0,00 0.00 0.03 0.03 0.01 0.02 0.02 
Total 0,90 0,93 0.97 0.63 0.83 0.98 0.90 0.88 0.94 0.88 
Table 4. Polymorphic SSR markers 
three populations. 
Population 
Marker 1 2 3 
SMOOl X 
SM002 X X 
SM003 X X 
SM004 X 
SM005 X X 
SM006 X X 
SM007 X 
SM008 X X 
SM009 X 
SMOlO X X X 
SMOll X 
SM012 X 
SM013 X 
^ X = Polymorphic SSR marker 
was present. 
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Table 5. Phenotypic correlation coefficients between mean yields of I^-derived lines in 
the 1998 tests and their predicted yield based on three methods. 
——J 
Population Method^ X 1 2 3 4 5 6 
1 P 0.25 0.28 0.44* 0.45" 0.12 0.11 0.12 
1 M 0.20 0.30 0.20 0.24 0.06 0.04 0.34 
1 R 0.33 0.40* 0.48 0.56 0.12 0.13 0.32 
2 P G.IO 0.00 -0.07 0.27 0.21 
2 M 0.12 0.37 -0.24 0.10 0.27 
2 R 0.31 0.37 0.24 0.28 0.36 
3 P 0.37 0.24 0.31 0.43 
3 M 0.25 0.32 0.15 0.29 
3 R 0.41 0.36 0.35 0.51 
Significant at the 0.05 and 0.01 probability levels, respectively. 
^P = Yield in progeny-row-yield test, M = Molecular marker score, and R = Index based 
on P and M. 
^ For population 1, test 1 = YT263, 2 = YT291, 3 = YT292,4 = YT293, 5 = YT332, and 
6 = YT333; for population 2, test 1 = YT231, 2 = YT265, 3 = YT294, and 4 = YT334; 
and for population 3, test 1 = YT160,2 = YT190, and 3 = YT261. 
A soybean breeder would like to advance the lowest possible percentage of the lines 
from the initial evaluation that included those that would be superior for seed yield in 
subsequent tests. The percentage of F3;4 lines that had to be retained to include the highest 
yielding line was the least for M in Population 1 and the least for P in the other two 
populations (Table 6). Averaged across tests and populations, the percentage of lines that 
had to be retained was the least for R and the greatest for P. For selecting one of the four 
highest yielding lines in each test, the average percentage of lines that had to be retained was 
similar for the three methods. To retain two or three of the four highest yielding lines, M and 
R were superior to P in the three populations. R was superior to P or M for retaining all of 
the four highest yielding lines in the three populations. The results indicated that on the 
average selection among the F3:4 lines based on molecular marker score or the index was as 
good or better than selection based on yield in the PRYT. 
The response to selection for R were greater than P in 9 of 13 tests and greater than M 
in 7 of 13 tests (Table 7). M had greater response to selections than P in 6 of the 13 tests and 
than greater R in 2 of 13 tests. On the average, the results indicated that selection among the 
F3:4 lines based on M would be as effective as selection based on P and that selection based 
on an index of P and M would be superior to either method individually. 
25 
Table 6. Average percentage of 1^:4 lines selected to retain the highest yielding line or one 
or more of the four highest yielding lines from the 1998 tests. 
Population 
Method^ Lines retained* 1 2 3 X 
no. .% 
P 1/1 61.2 37.6 15.5 38.1 
M l / I  17.3 54.4 30.2 33.9 
R 1/1 34.0 45.2 20.3 33.1 
P 1/4 11.0 9.0 11.0 10.3 
M 1/4 9.8 15.3 8.3 11.1 
R 1/4 6.5 17.3 8.3 10.7 
P 2/4 33.8 47.3 30.0 37.0 
M 2/4 24.7 28.3 26.0 26.3 
R 2/4 14.0 35.3 22.7 24.0 
P 3/4 48.2 74.3 58.7 60.4 
M 3/4 42.2 50.3 34.0 42.2 
R 3/4 47.0 51.3 39.0 45.8 
P 4/4 70.8 93.5 15.3 79.8 
M 4/4 72.5 83.5 75.7 77.2 
R 4/4 61.2 65.5 63.3 63.3 
P = Yield in progeny-row-yield test, M = Molecular marker score, and R = Index based 
on P and M. 
^Percentage of lines selected to retain the single highest yielding line (1/1) and one (1/4), 
two (2/4), three (3/4) or four of the four (4/4) highest yielding lines in the 1998 tests. 
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Table 7. Response to selection for three methods of selection in three populations. 
Test* 
Population Method*^ x 1 2 3 4 5 6 
leg ha' 
1 P 56 67 20 81 -13 94 87 
1 M 65 -74 34 235 13 20 161 
1 R 109 94 141 168 20 67 161 
2 P 99 134 101 94 67 
2 M -45 -7 -168 0 -7 
2 R 89 -7 0 60 302 
3 P 112 215 -67 188 
3 M 159 121 141 215 
3 R 197 323 54 215 
= Yield in progeny-row-yield test, M = Molecular marker score, and R = Index based 
on P and M. 
*For population 1, test 1 = YT263, 2 = YT291, 3 = YT292,4 = YT293,5 = YT332, and 6 
= YT333; for population 2, test 1 = YT231, 2 = YT265, 3 = YT294, and 4 = YT334; 
and for population 3, test 1 = YT160,2 = YT190, and 3 = YT26L 
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DISCUSSION 
Pedigree analysis was effective for the identification of useful associations between 
SSR markers and seed yield in soybean. Use of the markers for selection among random 
lines was as effective overall as selection based on yield in a PRYT. The random lines were 
from populations whose parentage did not include the nine elite cultivars used for pedigree 
analysis. The study indicated that marker-QTL associations established by pedigree 
analysis can be applied to the breeding populations commonly used in cultivar development 
programs. 
One advantage of pedigree analysis for QTL discovery is that the extensive pedigree 
informadon in a breeding program coupled with molecular marker analysis provides the basis 
for determining the observed and expected allele frequency differences used to identify 
markers associated with seed yield. The time consuming and expensive process of 
population development and line evaluation used for uraditional QTL discovery methods is 
not required. 
Tanksley and Nelson (1996) suggested that the reason for the lack of success with 
MAS for quantitadve traits is that QTL discovery and varietal development have been treated 
as separate processes. Specifically, the populadons used for QTL identification consist of 
small aumbers of progeny ranging from 100 to 4000 from a cross of two inbred lines. Li 
practice, the problem with applying this approach is that there is little power to identify a 
QTL in a trait of low heritability. In contrast, successful plant breeders understand that useful 
genetic variability for most agronomic traits is best evaluated using progeny from hundreds of 
crosses among adapted lines. There are two primary advantages associated with linking QTL 
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discovery directly to conventional plant breeding; (i) if QTL analyses could be integrated into 
existing breeding strategies, the power, precision, and accuracy associated with large 
numbers of progeny could be realized; and (ii) QTLs identified in breeding populations are 
more likely to be predictive across breeding germplasm because they will have been 
evaluated in multiple genetic bacicgrounds. QTL discovery based on pedigree analysis is an 
ideally suited technique that integrates the power of varietal development for robust QTL 
discovery. This should be adaptable for yield because it has been the only selection criterion 
used consistently by all breeding programs. Since breeding programs vary greatly in testing 
environments, this method is particularly sensitive to alleles that confer general productivity 
over many environments. Such alleles are certainly among the most desirable in the 
development of new cultivars. 
Conventional phenotypic selection in the early generations of a breeding program has 
posed special problems. Seed supplies are often limited and the reliability of selection is low 
for some traits. Mean performance across sites and years is often poorly estimated from 
phenotypic observations and these observations may be from less than optimum experimental 
units (hills or small plots). This results in two key sampling problems associated with a 
conventional phenotypic selection. First, enough progeny must be tested and selected to 
ensure that at least one has a superior genotype. When the heritabilities of the selected traits 
are low or moderate and small samples of progeny are tested, the probability of selecting an 
outstanding genotype is very low. Second, selected progeny are mixtures of inferior and 
superior genotypes. The frequency of inferior genotypes in a selected sample of progeny 
increases as heritability decreases. The usual strategy for sorting superior from inferior 
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gentoypes is advanced testing. The problem with advanced testing strategies is that the most 
outstanding genotypes are often not selected in early generations when heritabilites are low or 
samples are small or both and thus are not present among progeny selected for advanced 
testing. These issues force breeders to distribute resources to a smaller number of progeny 
tested across a larger number of generations, sites, and years. The trade-off is between 
producing more accurate estimates of progeny means versus sampling a larger number of 
progeny per cross, or more progeny from more crosses. Although the means and variances of 
crosses vary, the overall frequency of superior genotypes in a breeding program is bound to 
be similar for different resource allocation strategies unless a preponderance of the crosses 
are inferior. Under such circumstances, breeding program resources would be 
disproportionately allocated to inferior progeny. Most breeders distribute risk among crosses 
because they lack a basis for confidendy choosing between crosses. If the merits of crosses 
are greatly different and there is sound basis for choosing the most promising crosses, then 
the most efficient strategy is to concentrate resources on fewer crosses with more progeny per 
cross because this increases the probability of selecting superior genotypes. 
The most efifective selection for seed yield in this study generally was accomplished 
with an index of PRYT performance and molecular marker scores. Use of an index would 
not have to increase the time for cultivar development because DNA analysis could be 
conducted before or diaring the time that lines were being evaluated in the PRYT. Use of 
marker scores would not generally replace the PRYT because the yield test also serves as a 
seed increase for subsequent replicated tests. The primary disadvantage of the index 
compared with the PRYT alone would be the additional cost of marker analysis. 
30 
Index selection, R, in this study was performed based on combining the F3;4 PRYT 
and molecular marker information. The weight coefficients (bz and bm) were derived from 
multiple regression of the mean yield of the Fa-.e lines in the 1998 replicated test on the PRYT 
and the molecular marker score. The weakness in this approach is that deriving the weight 
coefficients based on the mean yield of the Fsjg lines results in a correlated genetic effect. 
Specifically, the F3:6 data represented the optimum predictor for the weight coefficient for the 
F3:4. lines. Coefficients derived from an optimal predictor are likely to result in a reasonable 
index. The results from weight coefficients derived from the mean yield of the F3;6 lines were 
likely more favorable than would have been realized in a soybean breeding program with 
these markers. The soybean breeder would not have access to replicated yield data with 
which to compute the coefficients for an index of PRYT and marker data. The goal would be 
to select superior genotypes utilizing PRYT and molecular markers before to conducting 
expensive yield test on F3;6 replicated yield plots. The plant breeder needs to derive weight 
coefficients for the PRYT data and the molecular marker score that are broadly applicable 
across populadons. 
The main prerequisites for use of a selection index in improvement programs are 
reliability and simplicity. It is important to include the PRYT phenotype in the selection 
index, since the phenotypic value can help in discriminating between individuals with 
identical net molecular marker scores. One method to use both the PRYT and molecular 
marker data would be to independently advance the top percentage of the population as 
defined by the PRYTs and independently by the molecular marker scores. The PRYTs and 
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the molecular markers may identify the same individual for advancement; however, each 
method will likely identify unique lines. This approach maximizes the information from both 
the PRYTs and the molecular marker data. An altemative method would be to independently 
numerically rank the lines based on the PRYT data and the molecular marker score. The 
numeric ranking could then be summed across lines to create an overall ranking. The lines 
with the lowest overall sum would be the line chosen for advancement. 
Ideally, an index is the best linear prediction of an individual's breeding value and it 
takes the form of a multiple regression of breeding value on ail sources of information. The 
problem is to find the best value for each weighting factor that can be applied across breeding 
populations. It is unlikely that the overall efficiency of selection will improve substantially 
for PRYTs given the error associated with G x E. The problem with this approach in soybean 
is that the mean performance of a single replication PRYT is often poorly estimated and from 
a less than optimum experimental unit. Alternatively, there is opportunity to derive optimum 
weight coefficients for each molecular marker allele that can result in maximum aggregate 
genetic progress when reliable estimates of genotypic and phenotypic variances and 
covariances are available. The challenge is to derive weight coefficients based on historical 
family evaluation in replicated trials. Highly improved populations will require better 
techniques for fiirther improvement and a selection index combining PRYT and molecular 
marker data may be useful when high precision parameter estimates that can enhance 
expected progress are available. 
Currently, the problem with implementing MAS, apart from QTL parameter 
estimation errors, is the cost difference between molecular marker and phenotypic assays for 
32 
most traits. This difference should steadily decrease as the technology advances. 
Improvements in the technology should increase the merit of MAS as a strategy for 
increasing heritability. Many details regarding the optimal use of MAS in long-term 
selection programs remain to be determined by future experiments. 
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APPENDIX 
Table Al. Combined analysis of variance for yield over five locations for YT16. 
Sources of Variation' Df Mean Squares F Value P r > F  
Environments (E) 4 31967536.9 351 0.0001 
Replications/E 5 225582.8 2 0.0373 
Genotypes (G) 19 1523655.2 17 0.0001 
G x E »  76 216724.5 2 0.0001 
Error 94 91047.1 
' Coefficient of variation was 9.3%. 
^ Based on the genotype x environment interaction, the standard error of the mean was 147 kg 
ha'' and the least significant difference (LSD 0.05) was 269 kg ha"'. 
Table A2. Combined analysis of variance for yield over five locations for YT19. 
Sources of Variation' Df Mean Squares F Value P r > F  
Environments (E) 4 21760530.3 207 0.0001 
Replications/E 5 580373.6 6 O.OOOl 
Genotypes (G) 22 1146615.9 11 0.0001 
G x E f  88 161912.9 2 0.0159 
Error 109 11442506.3 23 
^ Coefficient of variation was 8.9%. 
(Based on the genotype x environment interaction, the standard error of the mean was 127 kg 
ha*' and the least significant difference ^SD 0.05) was 287 kg ha*^ 
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Table A3. Combined analysis of variance for yield over six locations for YT23L 
Sources of Variation ^ Of Mean Squares F Value P r > F  
Environments (E) 5 26116787.0 187 0.0001 
Replications/E 6 923667.8 7 0.0001 
Genotypes (G) 18 1289924.5 9 0.0001 
G x E »  90 214359.9 1 0.0172 
Error 108 15124334.7 
' Coefficient of variation was 10.8%. 
' Based on the genotype x environment interaction, the standard error of the mean was 134 kg 
ha"' and the least significant difference (LSD o.os) was 303 kg ha"'. 
Table A4. Combined analysis of variance for yield over six locations for YT261. 
Sources of Variation ^ Df Mean Squares F Value P r > F  
Environments (E) 5 27429481.5 195 0.0001 
Replications/E 6 509175.8 4 0.0019 
Genotypes (G) 40 622747.0 4 0.0001 
G x E f  200 203099.8 1 0.0033 
Error 239 239339912.4 
• Coefficient of variation was 10^.5%. 
^ Based on the genotype x environment interaction, the standard error of the mean was 130 kg 
ha"' and the least significant difference (LSD 0.05) was 300 kg ha*^ 
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Table A5. Combined analysis of variance for yield over six locations for YT263. 
Sources of Variation * Df Mean Squares F Value P r > F  
Environments (E) 5 35395980.7 257 0.0001 
Replications/E 6 1638301.6 12 0.0001 
Genotypes (G) 33 294705.6 2 0.0007 
G x E t  165 198821.5 1 0.0066 
Error 197 27086120.0 
' Coefficient of variation was 10.1%. 
f Based on the genotype x environment interaction, the standard error of the mean was 129 kg 
ha"' and the least significant difference (LSDo.os) was 298 kg ha*'. 
Table A6. Combined analysis of variance for yield over six locations for YT265. 
Sources of Variation ^ Df Mean Squares F Value P r > F  
Envirorunents (E) 5 15054524.6 391 0.0001 
Replications/E 6 6486112.7 14 0.0001 
Genotypes (G) 23 1318823.8 7 0.0001 
G x E ^  115 18841638.0 2 0.0001 
Error 137 10536752.5 
^ Coefficient of variation was 7.8%. 
^ Based on the genotype x environment interaction the standard error of the mean was 125 kg 
ha"' and the least significant difference (LSD 0.05) was 224 kg ha"'. 
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Table A7. Combined analysis of variance for yield over five locations for YT291. 
Sources of Variation' Df Mean Squares F Value P r > F  
Environments (E) 4 44427534.9 416 0.0001 
Replications/E 5 1693032.9 16 0.0001 
Genotypes (G) 33 274156.6 3 0.0001 
G x E <  132 182881.1 2 0.0006 
Error 164 17520698.9 
' Coefficient of variation was 8.3%. 
t Based on the genotype x environment interaction, the standard error of the mean was 135 kg 
ha"' and the least significant difference (LSD o.os) was 289 kg ha"'. 
Table A8. Combined analysis of variance for yield over six locations for YT292. 
Sources of Variation' Df Mean Squares F Value P r > F  
Environments (E) 5 49756026.0 502 0.0001 
Replications/E 6 3575142.5 36 0.0001 
Genotypes (G) 40 555692.4 6 0.0001 
G x E »  200 147547.0 1 0.0016 
Enor 239 23669977.8 
^ Coefficient of variation was 7.7%. 
^ Based on the genotype x environment interaction, the standard error of the mean was 111 kg 
ha*^ and the least significant difference o.o5) was 253 kg ha"'. 
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Table A9. Combined analysis of variance for yield over six locations for YT293. 
Sources of Variation ^ Df Mean Squares F Value P r > F  
Environments (E) 5 2982986 L7 214 0.0001 
Replications/E 6 819481.3 6 0.0001 
Genotypes (G) 35 312916.6 2 0.0003 
G x E »  175 187805.7 I 0.0200 
Error 209 29174884.3 
' Coefficient of variation was 9.5%. 
f Based on the genotype x environment interaction, the standard error of the mean was 125 kg 
ha*' and the least significant difference (LSD o.os ) was 301 kg ha*'. 
Table AlO. Combined analysis of variance for yield over six locations for Yr294. 
Sources of Variation ^ Df Mean Squares F Value P r > F  
Environments (E) 5 22548956.9 141 O.OOOl 
Replications/E 6 295916.3 2 0.0929 
Genotypes (G) 23 583684.1 4 0.0002 
G x E ^  115 144621.3 0.9 0.7058 
Error 137 21854344.8 
^ Coefficient of variation was 10.9%. 
t Based on the genotype x environment interaction, the standard error of the mean was 110 kg 
ha*^ and the least significant difference (LSD o.os) was 321 kg ha*'. 
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Table All. Combined analysis of variance for yield over five locations for YT332. 
Sources of Variation' Df Mean Squares F Value P r > F  
Environments (E) 4 21629446.4 209 0.0001 
Replications/E 5 521757.6 5 0.0002 
Genotypes (G) 39 292503.6 3 0.0001 
G x E «  156 139667.3 1 0.0242 
Error 194 
' Coefficient of variation was 8.0%. 
* Based on the genotype x environment interaction the standard error of the mean was 118 kg 
ha"' and the least significant difference (LSD o.os) was 103 kg ha"'. 
Table A12. Combined analysis of variance for yield over five locations for YT333. 
Sources of Variation ^ Df Mean Squares F Value P r > F  
Environments (E) 4 27941817.2 271 O.OOOl 
Replications/E 5 859924.9 8 O.OOOl 
Genotypes (G) 24 338850.9 3 0.0001 
G x E »  96 100747.9 1 0.5416 
Error 119 12251713.1 
^ Coefficient of variation was 7.6%. 
(Based on the genotype x environment interaction, the standard error of the mean was ICO kg 
ha*' and the least significant difference (LSD o.o5) was 402 kg ha"'. 
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Table A13. Combined analysis of variance for yield over five locations for YT334. 
Sources of Variation' Df Mean Squares F Value P r > F  
Environments (E) 4 15971690.7 185 0.0001 
Replications/E 5 183400.3 2 0.0709 
Genotypes (G) 17 513401.7 6 O.OOOl 
G x E »  68 134792.3 2 0.0267 
Error 84 7266174.3 
' Coefficient of variation was 7.9%. 
f Based on the genotype x environment interaction, the standard error of the mean was 116 kg 
ha"' and the least significant difference (LSDo.os) was 262 kg ha*'. 
Table A14. Phenotypic and genotypic data from population 1. 
SSR marker 
Line Entry Test SMOOl SM002 SM005 SM006 SM007 SMOlO SMO13 Model' Model« ModeH 
(M) (R) (P) 
score kg ha ' kg ha ' 
LP967010-2-162 7 263 0 -1 -1 0 0 -1 0 -3 1.93 4770 3791 
LP967010-3-389 8 263 -1 0 -1 -1 -1 -1 -6 0.16 2822 3637 
LP967010-1-7 9 263 1 1 -1 0 -1 1 -1 0 1.03 1881 3585 
LP967010-1-90 10 263 1 0 0 -1 0 1 -1 0 1.11 2016 3481 
LP967010-1-143 13 263 0 0 1 1 I 1 -1 3 3.17 4502 3822 
LP967010-1-134 14 263 -1 -1 -1 1 1 0 -1 -2 1.01 2688 3475 
LP967010-1-223 15 263 0 1 0 0 -1 0 0 2.70 4905 3709 
LP967010-1-233 16 263 -1 -1 -1 -1 1 -1 -1 -5 0.10 2284 3841 
LP967010-2-252 18 263 -1 1 -1 0 1 0 -1 2.02 4099 3826 
LP967010-2-354 19 263 1 -I 1 -1 1 1 1 3 1.99 2352 3842 
LP967010-2-412 20 263 -1 -1 0 1 -1 -1 -3 1.37 3763 3854 
LP967010-2-372 21 263 -1 0 0 -1 0 -1 -4 0.70 2956 3600 
LP967010-2-363 22 263 0 -1 -1 0 0 -1 -3 1.45 3897 3654 
LP967010-2-439 23 263 0 -1 0 0 1 0 -1 1.58 3292 3758 
LP967010-3-3 25 263 -1 1 -1 1 -1 0 -1 -2 1.75 4031 3755 
LP967010-3-57 26 263 1 0 -1 -1 -1 1 -1 -2 2.71 5778 3923 
LP967010-3-133 27 263 1 -1 1 -1 -1 0 -1 -2 1.38 3360 3852 
LP967010-3-119 28 263 -1 -1 -1 0 -1 0 -4 1.99 5308 3745 
LP967010-3-98 29 263 1 -1 -1 1 0 0 0 0 2.03 3695 3660 
LP967010-3-79 30 263 -1 0 -1 1 -1 1 -1 -2 1.27 3158 3811 
LP967010-3-78 31 263 -1 0 -1 1 0 0 0 -1 1.98 4031 3822 
LP967010-3-258 32 263 1 -1 -1 0 -1 -4 0.96 3427 3527 
LP967010-3-306 33 263 -1 -1 1 0 -1 -1 -1 -4 0.48 2553 3829 
Table A14. (continued) 
SSR marker 
Line Entry Test SMOOl SM002 SM005 SM006 SM007 SMO10 SMO13 Model' Model« Model 5 
(M) (R) (P) 
score kg ha ' kg ha ' 
LP967010-3-329 34 263 1 0 -I 0 1 -1 -I 1.84 3763 3818 
LP967010-3-318 35 263 1 -1 -1 -1 -1 1 -3 1.45 3897 3661 
LP967010-3-309 36 263 0 0 -1 0 1 -1 0 2.48 4502 3619 
LP967010-3-396 37 263 1 1 -1 0 1 -1 2 2.57 3830 3972 
LP967010-4-139 40 263 -1 -1 -1 -1 1 1 -2 1.38 3360 3555 
LP967010-4-164 41 263 1 0 -1 1 0 -1 0.80 1881 3674 
LP967010-4-279 43 263 1 1 -1 -1 0 -1 -2 0.87 2419 3672 
LP9670J 0-4-269 44 263 1 1 1 1 0 1 5 3.30 3897 3824 
LP967010-4-220 47 263 -1 -1 -1 -1 -1 -1 -7 0.56 3964 3498 
LP967010-4-369 49 263 -1 -1 -1 1 1 -3 0.38 1949 3785 
LP967010-4-363 50 263 0 -1 -1 0 1 1 -1 1.91 3897 3595 
LP967011-1-71 5 291 0 0 -1 1 1 1 1 4.98 5241 3616 
LP967011-1-55 6 291 -1 -1 1 0 1 0 0 4.02 4435 3955 
LP967011-1-51 7 291 1 1 1 1 1 -1 3 5.09 4838 3952 
LP9670U-1-14 8 291 -1 0 -1 0 0 -1 -4 2.53 3830 3694 
LP967011-1-95 9 291 0 1 0 0 0 -I 2.50 3024 3528 
LP9670U-1-97 10 291 -1 -1 -1 1 1 -1 4.57 5308 3829 
LP967011-1-103 11 291 -1 0 1 0 1 -1 1 1.76 1680 3668 
LP967011-2-34 12 291 1 1 1 0 0 0 2 3.76 3628 3658 
LP967011-2-114 13 291 -1 0 -1 0 0 -1 -4 3.02 4367 3757 
LP967011-2-80 15 291 -1 0 1 0 1 -1 0 2.43 2688 3687 
LP967011-2-79 16 291 1 0 -1 0 -1 1 -1 2.50 3024 3560 
LP967011-2-72 18 291 0 0 0 -1 0 -1 -3 1.85 2822 3740 
LP967011-1-178 20 291 0 1 -1 0 0 -1 -2 3.97 4905 3925 
Table A14. (continued) 
SSR marker 
Line Enlry Test SMOOl SM002 SM005 SM006 SM007 SMOlO SM013 Model« Model« 
(M) (R) 
Model 4 
(P) 
F3:6^ 
kg ha"' kg ha" 
LP967011-1-195 22 291 -1 -1 -1 -1 1 1 0 -2 3.97 4905 3861 
LP9670n-1-209 23 291 0 1 -1 0 -1 0 -1 -2 3.42 4300 3935 
LP967011-1-203 24 291 -1 0 1 -1 -1 1 1 0 4.50 4972 3763 
LP967011-3-20 25 291 0 0 -1 1 0 1 1 3.16 3225 3550 
LP967011-3-60 27 291 0 1 -1 0 0 -1 -1 -2 3.55 4435 3837 
LP967011-3-151 28 291 1 1 -1 -1 0 -I -I _2 3.49 4367 3873 
LP967011-3-198 29 291 1 -1 -1 -1 1 -1 -2 3.30 4166 3832 
LP967011-5-1 31 291 -1 -1 1 1 1 -1 -1 -1 3.96 4636 3937 
LP967011-5-66 33 291 1 0 -1 0 1 -1 -1 -1 5.49 6316 4075 
LP967011-5-200 34 291 -1 1 -1 0 0 -1 -I -3 2.34 3360 3892 
LP967011-5-197 35 291 1 0 -1 -I -1 -1 -1 -4 2.16 3427 3571 
LP967011-5-194 36 291 -1 0 -1 1 1 -1 -1 -2 2.33 3091 3902 
LP9670U-5-186 37 291 0 0 1 0 1 0 -1 1 4.13 4300 3895 
LP967011-5-84 38 291 1 -1 0 -1 1 -1 -1 3.96 4636 3933 
LP967010-3-412 39 291 0 0 0 1 1 1 1 4 4.77 4233 4127 
LP967010-4-8 40 291 -1 0 1 1 -1 1 -1 0 3.23 3561 4008 
LP967010-1-62 41 291 1 -1 1 -1 1 -1 -1 -1 -0.17 67 3677 
LP967010-1-65 42 291 0 0 -1 -1 0 1 1 0 2.68 2956 3703 
LP967010-2-155 43 291 1 -1 0 -1 -1 -1 -1 -4 3.32 4703 3546 
LP967010-2-210 44 291 -1 -1 1 -1 -1 -1 -1 -5 2.48 4031 3776 
LP967010-3-357 45 291 0 -1 0 -1 0 1 -1 -2 2.82 3628 3964 
LP967010-4-70 5 292 0 -1 1 0 0 -1 ' 0 -1 6.23 4972 4180 
LP967010-4-235 6 292 -I -1 1 -1 0 1 0 -I 4.52 3695 4201 
Table A14. (continued) 
SSR marker 
Line Entry Test SMOOl SM002 SM005 SM006 SM007 SMO 10 SM013 Model'Model'Model 5 
(M) (R) (P) 
score kg ha ' kg ha ' 
LP967010-1-21 7 292 1 1 1 -1 0 1 -1 2 4.13 2486 4090 
LP967010-1-19 8 292 1 -1 1 -1 1 0 1 2 7.80 5241 4414 
LP967010-1-64 10 292 -1 0 -1 -1 1 1 -1 -2 2.86 2755 3927 
LP967010-1-84 11 292 1 1 -1 -1 1 -1 4.25 3494 4101 
LP967010-1-86 12 292 -1 0 1 0 1 -1 -1 -1 6.76 5375 4322 
LP967010-1-94 14 292 1 0 1 0 0 -1 -1 0 6.00 4502 4291 
LP967010-1-96 15 292 1 -1 -1 -1 -1 1 -1 -3 5.33 4905 4081 
LP967010-1-102 16 292 1 0 1 0 -1 -1 -1 7.03 5577 4074 
LP967010-1-161 18 292 -1 -1 0 -1 -1 1 0 -3 2.55 2822 3914 
LP967010-1-132 19 292 1 1 1 -1 -1 0 6.54 4905 3974 
LP967010-1-120 20 292 1 0 1 -1 1 -1 -1 0 6.72 5039 3896 
LP967010-1-196 21 292 0 0 1 -1 0 0 0 7.53 5644 4050 
LP967010-2-221 22 292 0 0 -1 0 -1 1 0 -1 7.12 5644 4338 
LP967010-2-228 23 292 1 -1 -1 -1 0 -2 2.15 2217 3278 
LP967ai0-2-255 24 292 -1 0 -1 1 1 -1 1 0 5.65 4233 4092 
LP967010-2-236 25 292 1 1 -1 -1 1 -1 -1 4.25 3494 3775 
LP967010-2-232 26 292 -1 -1 1 -1 0 1 -1 7.30 5778 4256 
LP967010-2-283 27 292 -1 -1 -1 -1 0 1 -1 -4 3.04 3494 4221 
LP967010.2-284 28 292 -1 0 -1 0 0 -1 -1 -4 5.73 5510 4126 
LP967010-2-331 29 292 -1 1 1 1 1 -1 0 2 6.46 4233 4177 
LP967010-2-434 30 292 1 -1 1 0 0 0 -1 0 4.21 3158 3931 
LP967010-2-411 31 292 -1 -1 1 1 0 -1 0 -1 6.49 5174 4179 
LP967010-2-394 32 292 1 0 1 -1 -1 0 1 1 4.53 3091 4297 
LP967010-2-373 33 292 -1 0 1 -1 -1 1 -1 .0 6.27 5308 4372 
Table A14. (continued) 
SSR marker 
Line Entry Test SMOOl SM002 SM005 SM006 SM007 SMOlO SM013 Model' ModeP Model5 
(M) (R) (P) 
score kg ha*' kg ha ' 
LP967010-3-11 34 292 0 0 -1 1 0 1 -1 0 3.85 2889 3858 
LP967010-3-56 35 292 1 1 1 0 0 0 -1 2 3.77 2217 3874 
LP967010-3-67 36 292 -1 -1 -1 0 -1 0 0 -4 3.49 3830 4081 
LP967010-3-200 37 292 0 1 -1 1 -1 -1 -2 4.75 4166 3990 
LP967010-3-88 38 292 1 1 1 1 0 -1 3 4.44 2419 4180 
LP967010-3-229 40 292 1 1 1 -1 -1 1 4.44 3024 4077 
LP967010-3-259 41 292 - 1 0 1 - 1  1 -1 -I -2 5.46 4703 4107 
LP967010-3-262 42 292 -1 1 -1 1 0 -1 -1 5.33 4300 4283 
LP967010-3-374 43 292 1 0 -1 1 1 -1 1 5.60 3897 3982 
LP967010-3-365 44 292 1 0 -1 1 -1 I -1 0 6.54 4905 4025 
LP967010-3-359 45 292 0 -1 0 1 -1 4.70 3830 4168 
LP967010-3-355 46 292 1 0 1 1 -1 -1 0 1 6.50 4569 4094 
LP967010-3-381 47 292 -1 1 -1 1 -1 1 0 3.49 2620 4061 
LP967010-4-53 48 292 1 -1 1 1 0 0 2 6.01 3897 4273 
LP967010-4-97 49 292 1 -1 1 1 1 1 0 4 7.00 4031 4552 
LP967010-4-80 5 293 -1 1 -1 1 1 -1 -1 1.15 3494 3874 
LP967010-4-75 6 293 1 0 1 1 -1 1 -1 2 1.79 4703 3795 
LP967010-4-67 8 293 -1 -1 1 -1 0 0 -2 0.51 1881 3904 
LP967010-4-61 9 293 0 -1 1 1 0 0 1 1.70 4636 4008 
LP967010-4-60 10 293 0 -1 1 1 0 0 0 1.46 4166 3898 
LP967010-4-102 11 293 -1 -1 1 0 -1 1 0 -1 0.73 2284 4295 
LP967010-4-114 12 293 -1 1 -1 0 0 -1 -2 0.84 2822 3903 
LP967010-4-160 14 293 -1 -1 0 0 1 0 -1 -2 1.00 3292 3859 
LP967010-4-251 16 293 -1 -1 1 -1 -1 1 -1 -3 1.45 4770 3890 
Table A14. (continued) 
SSR marker 
Line Entry Test SMOOl SM002 SM005 SM006 SM007 SMO10 SMO13 Model' Model» Model 5 F3:6ll 
(M) (R) (P) 
score kg ha ' kg ha ' 
LP967010-4-341 19 293 -1 -1 0 1 0 0 -2 1.15 3695 4024 
LP967010-4-343 20 293 1 -1 0 -1 0 -1 -1 1.34 4031 3751 
LP967010-4-350 21 293 -1 -1 0 1 0 0 -2 0.70 2419 3901 
LP967010-4-351 22 293 1 -1 0 -1 -1 -1 -4 1.00 3695 3776 
LP967010-4-370 24 293 1 -1 1 1 0 0 3 1.26 2956 3964 
LP967010-4-367 25 293 -1 0 -1 1 -1 0 -3 0.95 3360 3834 
LP967010-4-360 26 293 1 0 0 -1 -1 0 -2 1.08 3494 4018 
LP967010-4-356 27 293 -1 -1 -1 -1 0 -4 0.88 3360 4195 
LP967010-4-408 28 293 -1 0 0 1 -1 -2 0.96 3158 3580 
LP967010-4-438 29 293 1 0 -1 -1 -1 -1 -2 1,22 3897 3841 
LP967010-2-50 31 293 -1 -1 0 -1 1 1 -2 1.50 4703 4002 
LP967010-2-43 32 293 1 -1 -1 -1 -3 1.00 3494 4080 
LP967010-2-24 33 293 0 1 -1 1 -1 1 1.25 3360 3843 
LP967010-2-76 35 293 1 -1 0 1 -1 -1 -2 0.75 2553 4120 
LP967010-2-87 36 293 1 -I 0 -1 1 -I 0 1.34 3830 3935 
LP967010-2-90 37 293 0 0 0 -1 -1 -1 1.43 4300 4067 
LP967010-2-91 38 293 1 -I -I 1 0 I l.ll 2956 3733 
LP967010-2-97 40 293 1 0 1 1 -1 0 1.60 4569 4217 
LP967010-2-122 41 293 1 0 0 1 0 1 4 2.04 4972 4030 
LP967010-2-120 42 293 -1 1 0 -1 -2 1.29 4099 3992 
LP967010-2-115 43 293 -1 0 0 1 1 -1 -1 1.20 3628 3893 
LP967010-2-102 44 293 -1 0 1 -1 1 0 1 1.53 4166 4057 
LP967010-2-99 45 293 -1 0 0 1 1 -1 1 1.46 3964 3883 
LP967010-2-123 46 293 -1 -I 1 0 -1 0 -1 1.53 4569 4179 
Table A14. (continued) 
SSR marker 
Line Entry Test SMOOl SM002 SM005 SM006 SM007 SMO10 SMO13 Model' Model« Model 8 F3;6TI 
(M) (R) (P) 
score kg ha ' kg ha"' 
LP967010-2-124 47 293 1 1 -1 0 -1 -1 -1 -2 0.96 3158 3624 
LP967010-2-135 48 293 -1 1 1 -1 0 0 0 0 1.08 3091 4034 
LP967010-2-145 49 293 1 -1 1 1 1 0 2 1.79 4703 4037 
LP967010-1-25 5 332 -1 0 -1 1 -1 -1 -4 0.53 2486 4131 
LP967010-4-423 6 332 -1 -1 1 0 0 1 -1 -1 1.72 6181 4188 
LP967010-4-402 7 332 0 -1 0 1 0 1 0 1.09 3830 3965 
LP967010-4-312 8 332 -1 1 1 0 0 -1 -1 -1 0.91 3360 4288 
LP967010-4-277 9 332 0 -1 -1 -1 1 1 -2 1.12 4233 4070 
LP967010-1-78 10 332 0 1 0 0 -1 -1 1 0 1.56 5442 4235 
LP967010-1-82 11 332 0 -1 1 -1 -1 1 -1 -2 1.25 4703 4085 
LP967010-1-187 12 332 0 1 1 0 0 1 1 4 1.24 3695 4226 
LP967010-1-149 13 332 -1 0 0 1 0 -1 -1 -2 1.50 5577 4066 
LP967010-1-1«9 14 332 -1 0 1 1 -1 1 1 1.06 3561 4078 
LP967010-2-257 15 332 1 0 1 1 -1 1 3 1.19 3695 4344 
LP967010-2-246 16 332 0 0 0 1 0 0 1 2 1.13 3628 3823 
LP967010-2-289 18 332 1 0 1 -1 -1 0 1 1 0.79 2620 3995 
LP967010-2-294 19 332 -1 1 1 -1 -1 1 0 1,38 4838 4024 
LP967010-2-298 20 332 1 0 1 1 1 0 3 1.19 3695 4227 
LP967010-2-313 21 332 -1 0 1 0 -1 1 -I -1 1.40 5039 4067 
LP967010-2-332 22 332 1 -1 0 1 -1 0 -1 1.18 4300 4132 
LP967010-2-431 23 332 0 -1 1 1 1 -I -1 0 1.21 4233 3975 
LP967010-2-417 24 332 -1 1 1 -1 0 0 0 1.25 4367 4030 
LP967010-2-413 25 332 1 -1 1 0 -1 -1 -1 -2 1.10 4166 4103 
LP967010-2-440 27 332 0 1 1 1 1 1 -1 4 1.58 4905 3969 
Table A14. (continued) 
SSR marker 
Line Entry Test SMOOl SM002 SM005 SM006 SM007 SMO10 SMO13 Model • ModeP Model« F3:6^ 
(M) (R) (P) 
kg ha ' kg ha"' 
LP967010-3-23 28 332 -1 -1 1 0 -1 0 -1 -3 1.28 4972 4106 
LP967010-3-71 29 332 -1 1 1 1 0 0 -1 1 1.08 3628 4030 
LP967010-3-155 30 332 1 -1 1 0 0 -1 0 1.29 4502 3821 
LP967010-3-131 31 332 1 1 1 1 1 0 0 5 1.26 3628 4186 
LP967010-3-100 32 332 1 0 1 1 1 0 1 s 1.09 3024 3882 
LP967010-3-228 33 332 -1 1 i -1 1 -1 0 0 1.42 4972 3865 
LP967010-3-248 34 332 1 1 0 -I -1 -1 0.51 1949 3852 
LP967010-3-343 35 332 -1 I I -1 -1 1.15 4166 3544 
LP967010-3-377 36 332 -1 1 1 -1 0 0 1.29 4502 4101 
LP967010-4-9 38 332 1 1 -1 1 1 -1 2 1.36 4435 4025 
LP967010-4-91 39 332 -1 1 -1 1 1 I 0 2 1.24 4031 3855 
LP967010-4-74 40 332 1 1 1 -1 1 -1 2 0.88 2755 4117 
LP967010-4-71 41 332 -1 0 1 1 1 1 -1 2 1.34 4367 4291 
LP967010-4-104 42 332 -1 1 1 1 -1 -1 -1 -1 1.22 4435 3777 
LP967010-4-174 44 332 -1 0 1 1 0 1 -1 1 1.10 3695 4065 
LP967010-4-237 45 332 -1 1 1 1 1 -1 -1 1 0.81 2688 3930 
LP967010-4-231 46 332 -1 -1 1 0 0 1 -1 -1 0.88 3225 4029 
LP967010-4-222 47 332 1 0 1 -1 -1 1 -1 0 1.13 3964 4036 
LP967010-4-293 48 332 -1 -1 -1 0 0 -1 -1 -5 1.10 4636 4145 
LP967011-2-169 5 333 1 -1 1 0 1 -1 0 1 2.31 4233 4111 
LP967011-2-171 6 333 -1 -1 1 0 -1 -1 0 -3 0.72 4703 4184 
LP967011-2-173 7 333 1 0 1 1 0 -1 -1 1 2.34 4300 4151 
LP967010-1-39 9 333 0 -1 0 0 -1 1 0 -1 1.32 4031 4054 
LP967010-1-31 10 333 I 0 -1 0 0 1 1 2 2.35 3292 4248 
Table A14. (continued) 
SSR marker 
Line Entry Test SMOOl SM002 SM005 SM006 SM007 SMO10 SMO13 Model»Model» ModeH 
(M) (R) (P) 
score kg ha ' kg ha ' 
LP967011-3-8 12 333 1 1 1 -1 1 5 4.41 4905 4316 
LP967011-1-216 14 333 0 1 0 1 0 4 3.87 4703 4309 
LP967011-1-200 16 333 -1 1 -1 -1 0 1.65 3763 3995 
LP967011-3-141 19 333 0 1 0 -1 0 -2 0.40 2956 4094 
LP967011-3-139 20 333 1 1 0 1 -1 2 3.15 5106 3579 
LP967011-3-126 22 333 -1 -1 0 1 0 1 2.43 4502 3959 
LP967011-3-125 23 333 1 -1 1 1 0 3 3.72 5375 4216 
LP967011-3-117 24 333 0 1 0 0 2 2.32 3225 4032 
LP967011-3-163 25 333 1 -1 0 -1 0 1.51 3427 3780 
LP967011-3-187 27 333 -1 -1 -1 -1 -5 -0.92 3024 4018 
LP967011-3-194 28 333 1 0 1 -1 3 3.66 5241 4173 
LP967011-5-199 29 333 0 1 1 0 0 3 3.27 4367 3996 
LP967011-5-184 30 333 1 1 0 0 0 2 2.97 4703 4266 
LP967011-6-173 33 333 1 0 0 0 -1 0 2.04 4636 4097 
LP967011-6-66 34 333 -1 1 0 1 3 3.04 3830 4536 
LP967010-2-207 35 333 -1 1 -1 1 -1 1 2.70 5106 4107 
LP967010-2-180 36 333 -1 1 1 1 0 -1 2 2.82 4367 4020 
LP967010-3-417 37 333 1 -1 1 1 1 -1 1 2.78 5308 4140 
LP967010-4-24 38 333 1 0 1 -1 0 -1 1 2.93 5644 4198 
LP967010-4-58 39 333 0 -1 0 0 0 -1 -1 1.44 4300 3752 
' Sum of the scores for seven SSR markers. 
' Index score based on the yield of lines in the 1997 progeny row yield test (PRYT) and the net molecular marker score. 
4 Yield of the line in the 1997 PRYT in kg ha '. 
H Mean yield of the line in the 1998 replicated yield test kg ha'. 
Table A15. Phenotypic and genotypic data from population 2. 
SSR Marker 
Line Entry Test SMOOl SM002 SM005 SM006 SM007 SMO10 SMO13 Model« Model» Model 5 F3;6H 
(M) (R) (P) 
score kg ha ' kg ha ' 
LP967014-4-120 8 231 -1 -1 0 1 0 1 -1 -0.80 3360 3523 
LP967014-5-9 9 231 -1 0 1 1 1 -1 0 0.02 3561 3606 
LP967014-4-149 10 231 -1 -1 -1 1 1 1 -1 -0.82 1008 3552 
LP967014-5-109 13 231 -1 1 1 0 0 -1 1 0.84 2016 3323 
LP9670I4-6-34 14 231 -1 0 0 1 0 0 1 0.83 1142 3781 
LP967014-6-98 15 231 -1 I 1 1 1 0 4 3.31 2083 3875 
LP967014-6-77 16 231 -1 -1 -1 0 0 1 -1 -0.80 4099 4093 
LP967014-6-132 18 231 -1 0 -1 1 0 1 -1 -0.81 1411 3731 
LP967014-6-156 19 231 -1 0 -1 -1 1 -2 -1.63 2284 3178 
LP967014-7-77 22 231 -1 0 -1 1 0 0 -2 -1.62 4569 3387 
LP967014-7-192 23 231 1 0 -1 1 -1 1 2 1.67 2755 3506 
LP967014-7-160 24 231 1 0 -1 0 ' -1 -1 -0.81 2620 3557 
LP967014-7-216 26 231 -1 0 -1 1 -1 1 -2 -1.63 2016 3329 
LP967014-1-67 27 231 -1 0 1 0 -I 0 0.02 2822 3488 
LP967014-3-133 30 231 1 0 0 -1 1 0 0 0.01 1344 3879 
LP967014-3-70 32 231 -1 -1 -1 1 0 1 -2 -1.63 2620 3099 
LP967014-7-39 35 231 -1 1 -1 1 -1 -2 -1.63 1949 3150 
LP967014-4-77 36 231 0 1 -1 0 -1 I 0 0.02 2284 3502 
LP967014-4-51 37 231 -1 1 -1 1 1 1 3 2.49 2150 3362 
LP967014-4-105 15 265 -1 -1 -1 0 1 1 0 -0.01 2016 3445 
LP967014-4-122 16 265 0 0 -1 1 -1 1 -I 0.40 605 3808 
LP967014-4-179 17 265 1 -1 -1 -1 0 1 -2 0.82 4905 3383 
LP967014-5-67 19 265 1 0 1 1 -1 -1 0 -0.01 1142 3289 
LP967014-5-74 20 265 1 -1 0 1 0 -1 0.40 1747 3605 
Table A15. (continued) 
Line Entry Test SMOOl 
SSR Marker 
SM002 SM005 SM006 SM007 SMOlO SM013 Model' Model' Model5 
(M) (R) (P) 
F3:6ll 
kg ha"' kg ha ' 
LP967014-5-85 21 265 1 1 0 1 -1 0 1 -0.43 4367 3824 
LP967014-5-160 22 265 1 1 -1 0 1 -1 1 -0.43 1277 3589 
LP967014-5-158 23 265 -1 -1 1 1 -1 -1 -1 -3 1.24 2889 3602 
LP967014-5-132 25 265 1 1 0 0 1 -0.43 2419 3650 
LP967014-5-112 26 265 0 1 1 1 1 0 0 4 -1.68 1209 3176 
LP967014-6-15 27 265 1 0 1 -1 I 0 -1 1 -0.43 806 3838 
LP967014-6-17 28 265 -1 -I -1 1 1 0 1 0 -0.01 1814 3781 
LP967014-6-107 29 265 1 1 -1 -1 0 -1 -1 0.40 1075 3668 
LP967014-6-106 30 265 1 0 1 0 0 I -0.43 1747 3220 
LP967014-6-78 31 265 -1 0 1 1 -1 -1 -1 0.40 4300 3608 
LP967014-6-130 32 265 -1 -1 1 -1 0 -1 -1 -4 1.65 2889 3529 
LP967014-7-3I 33 265 0 1 -1 1 -1 1 1 2 -0.84 4099 3470 
LP967014-7-134 36 265 1 0 -1 1 1 1 3 -1.26 4099 3208 
LP967014-7-117 37 265 I -1 1 1 -1 -1 1 1 -0.43 3427 3581 
LP967014-1-60 39 265 1 -1 1 -1 -1 1 -1 -I 0.40 3427 3548 
LP967014-2-189 41 265 1 0 1 1 1 -1 -1 2 -0.84 3292 3584 
LP967014-2-100 42 265 1 0 1 0 1 -0.43 4233 3685 
LP967014-4-12 45 265 1 0 1 1 -1 0 2 -0.84 1949 3571 
LP967014-4-79 47 265 -1 1 -1 1 -1 1 0 -0.01 2620 3062 
LP967014-4-198 5 294 1 -1 -1 -1 1 1 0 2.45 3225 3965 
LP967014-5-40 7 294 1 1 1 1 -1 1 -1 3 2.18 2352 3988 
LP967014-5-41 8 294 -1 1 -1 -1 -1 1 -2 3.73 5241 3582 
LP967014-5-204 10 294 1 1 0 -1 -1 -1 -2 3.68 5174 3642 
LP967014.6-6 11 294 1 -1 -1 0 0 1 1 1 3.40 4300 3615 
Ui 
o 
Table A15. (continued) 
SSR Marker 
Line Entry Test SMOOl SM002 SM005 SM006 SM007 SMOlO SM013 Model • 
(M) 
Model» 
(R) 
Model« 
(P) 
F3;6' 
kg ha ' kg ha ' dwVllC 
LP967014-6-48 12 294 1 0 0 10 0 1 3 2.74 3091 3405 
LP967014-6-157 13 294 0 1 1 1 I I -1 2 3.48 4233 3991 
LP967014-6-207 14 294 1 1 -1 1 1 1 1  5 3.51 3763 3529 
LP967014-7-67 15 294 1 0 1 } 1 i -1 3 3.35 3897 3550 
LP967014-7-142 16 294 1 -1 1 1 - 1 - 1  1  1 2.07 2553 3585 
LP967014-1-210 17 294 1 -1 -1 1 - 1 - 1  1  -3 0.53 1209 3397 
LP967014-2-195 18 294 -1 0 -1 1 - 1 - 1  0  -3 2.53 3830 3339 
LP967014-2-105 20 294 -1 -1 1 1 - 1  1 - 1  -3 1.66 2688 3552 
LP967014-2-82 21 294 -1 1 -1 1 1 - 1 1  -1 2.22 3091 3541 
LP967014-2-9 22 294 -1 0 1 1 0  1 - 1  1 2.02 2486 3600 
LP967014-3-97 25 294 1 -1 -1 1 1 - 1 1  1 2.12 2620 3750 
LP967014-4-11 26 294 -1 0 0 1 1 - 1 0  0 3.43 4502 3582 
LP967014-4-I5 27 294 -1 -1 -1 D -1 1 1 -2 3.06 4367 3393 
LP967014-2-43 31 294 -1 0 1 1 0  0 - 1  -2 0.66 1209 3277 
LP967014-4-113 32 294 -1 0 1 1  1 - 1 - 1  0 2.35 3091 3539 
LP967014-4-218 34 294 -1 -1 -3 0.63 1344 3510 
LP967014-5-73 35 294 0 0 -1 0 - 1 - 1  1  -2 2.40 3494 3844 
LP967014-5-105 37 294 -1 -1 0 10 10 0 2.51 3292 3792 
LP9670I4-5-I54 38 294 -1 -1 0 J -1 -1 0 -5 2.88 4636 4079 
LP967014-6-19 5 334 1 1 0 1 0 - 1 0  2 2.35 3091 3482 
LP967014-6-23 6 334 0 -1 -1 1 - 1 0  1  -1 1.21 3158 3776 
LP967014-6-26 7 334 0 -1 -1 1 1 0  1  1 1.31 1814 3695 
LP967014-6-158 9 334 -1 1 1 1 1 1 0  4 3.37 3561 3598 
LP967014-6-201 10 334 1 I 0 1 - 1 1 1  4 3.67 4166 4174 
Table A15, (continued) 
SSR Marker 
Line Entr>' Test SMOOl SM002 SM005 SM006 SM007 SMOlO SM013 Model' Model' Model8 F3:6l' 
(M) (R) (P) 
score kg ha*' kg ha ' 
LP967014-7-79 14 334 0 0 0 -1 -1 0 -1 1.35 3427 3479 
LP967014-7-94 16 334 -1 1 0 -1 -1 -2 1.74 4972 3613 
LP967014-7-145 18 334 1 -1 1 0 -1 -1 0 2.15 4233 3496 
LP967014-1-5 19 334 -1 1 -1 -1 1 -3 0.40 3091 3648 
LP967014-2-I07 22 334 0 0 1 0 -1 -1 -2 1.43 4367 3632 
LP967014-2-27 25 334 1  1 0 0 0 0 2 2.93 4233 3648 
LP967014-3-147 27 334 -1 1 -1 -1 0 1 0 1.98 3897 3818 
LP967014-4-29 30 334 -1 0 1  -1 I 0 - 1  L.14 3024 3672 
LP967014-4-40 31 334 - 1  0 -1 - 1  0 -2 1.09 3695 3728 
LP967014-4-90 32 334 -1 -1 1 0 0 -1 -2 2.46 6383 3775 
LP967014-4-69 33 334 0 0 1 -1 1 1 3.42 5980 4158 
LP967014-4-57 35 334 0 0 0 -1 -1 1 0 0.72 1411 3882 
LP967014-4-52 36 334 1 -1 0 1 -1 1 0 1.60 3158 3866 
' Sum of the scores for seven SSR markers. 
' Index score based on the yield of lines in the 1997 progeny row yield test (PRYT) and the net molecular marker score, 
i Yield of the line in the 1997 PRYT in kg ha '. 
V Mean yield of the line in the 1998 replicated yield test kg ha'. 
Table A16. Phenotypic and genotypic data from population 3. 
SSR Marker 
Line Entry Test SM002 SM003 SM008 SM009 SMOlO SMOll SM012 Model' Model« Model 5 
(M) (R) (P) 
kg ha ' kg ha ' 
LP967155-245 7 160 1 -1 0 -1 -1 0 -3 0.57 1881 2259 
LP967155-363 8 160 -1 -1 1 -1 -1 0 -4 -1.10 1613 3204 
LP967155-523 9 160 1 -1 0 -1 0 -1 -1 3.49 2217 3009 
LP967155-608 10 160 0 0 0 1 -1 0 1 5.15 1949 4070 
LP967155-684 12 160 -1 1 0 1 -1 -1 -2 7.12 4502 3372 
LP967155-701 13 160 0 0 0 1 1 1 2 8.50 3024 3303 
LP967155-760 14 160 1 -1 1 1 1 -1 1 5.57 2150 3059 
LP967155-843 26 160 -1 0 -1 1 -1 -2 2.66 2352 3199 
LP967155-13 28 160 -1 -1 1 1 0 -1 0 5.02 2419 3231 
LP967155-15 29 160 0 -1 1 -1 0 -1 6.42 3628 4554 
LP967155-1& 30 160 1 -1 1 -1 -1 1 -1 4.33 2620 3524 
LP967155-177 31 160 -1 0 -1 -1 0 -1 -3 3.50 3292 3184 
LP967155-256 32 160 -1 -1 0 1 -1 -1 -4 1.97 3091 3125 
LP967155-295 33 160 1 0 0 -1 0 -1 0 3.90 1881 3454 
LP967155-401 34 160 0 -1 1 -1 1 -1 0 5.30 2553 3848 
LP967155-423 35 160 -1 -1 1 -1 0 -1 -4 -1.65 1344 3707 
LP967155-473 36 160 1 -1 0 -1 -1 -1 -4 -1.65 1344 2840 
LP967155-613 37 160 1 0 0 0 0 2 8.36 2956 3436 
LP967155-614 38 160 0 -I 1 1 -1 0 4.60 2217 3441 
LP967155-622 39 160 1 0 -1 -1 0 -1 -3 0.85 2016 3137 
LP967155-702 40 160 -1 1 0 1 -1 -1 0 7.53 3628 3171 
LP967155-847 10 190 -1 0 1 0 0 1 2 4.83 3024 3798 
Table A16. (continued) 
SSR Marker 
Line Entry Test SM002 SM003 SM008 SM009 SMOlO SMOI 1 SMOI2 Model' Model» Model5 F3:6^ 
(M) (R) (P) 
score kg ha"' kg ha ' 
LP967155-817 19 190 1 0 1 1 1 1 1 6 6.08 3292 3862 
LP967155-759 20 190 0 -1 -1 0 0 0 -1 -3 4,92 3830 3575 
LP967155-752 21 190 -1 1 1 0 -1 -1 2.62 1949 3907 
LP967155-46 25 190 -1 0 0 0 0 -1 -3 4.72 3695 3703 
LP967155-115 26 190 1 0 0 -1 1 0 -1 0 4.59 3158 3674 
LP967155-143 27 190 -1 0 1 -1 -1 -1 0 -3 2.57 2217 3358 
LP967155-151 28 190 -1 1 1 1 1 -1 1 3.54 2284 3851 
LP967155-169 29 190 -1 1 -1 0 -1 1 -1 3.79 2755 3822 
LP967155-190 30 190 1 -1 1 -1 0 1 0 1 4.02 2620 3604 
LP967155-221 31 190 1 -1 -1 -1 0 0 0 -2 4.94 3695 3372 
LP967155-257 32 190 1 0 1 1 1 -1 0 3 5.43 3292 3758 
LP967155-290 33 190 1 0 -1 0 -1 1 0 0 4.59 3158 3917 
LP967155-309- 34 190 1 1 1 0 1 0 1 5 5.47 3024 3529 
LP967155-314 35 190 1 -1 -1 1 -1 -1 -2 3.28 2553 3625 
LP967155-433 36 190 -1 -1 1 1 1 0 0 1 4.61 3024 3556 
LP967155-461 37 190 1 1 -1 -1 -1 0 1 0 1.17 806 3101 
LP967155-481 38 190 -1 0 1 1 -1 0 0 0 6.15 4233 3469 
LP967155-503 39 190 • 1 0 1 1 -1 -1 0 -1 4.28 3091 3295 
LP967155-533 41 190 1 -1 1 -1 0 -1 1 0 4.30 2956 3647 
LP967155-603 42 190 1 0 -1 0 -1 0 -1 -2 3.67 2822 3676 
LP967155-682 44 190 -1 1 0 0 0 i 1 4.80 3158 3545 
LP967155-751 45 190 1 1 1 1 0 -1 -1 2 2.97 1747 3110 
LP967155-17 6 261 1 0 1 0 1 -1 0 2 5.03 2956 3524 
LP967155-19 7 261 1 0 1 -1 I I 0 3 7.74 4569 3866 
Table A16. (continued) 
SSR Marker 
Line Entry Test SM002 SM003 SM008 SM009 SMOlO SMOll SM012 Model' Model' 
(M) (R) 
Model 5 
(P) 
F3:6' 
kg ha"' kg ha ' owUl c 
LP967155-165 8 261 0 0 0 -1 0 -1 0 -2 4.79 3897 3442 
LP967155-224 9 261 0 0 0 0 1 1 -1 1 5.31 3427 3566 
LP967155-294 11 261 0 -1 -1 1 1 I -1 0 4.24 2956 3258 
LP967155-308 12 261 0 0 -1 -1 0 1 1 0 5.78 4031 3731 
LP967155-322 13 261 0 -1 0 -1 I 0 -1 -2 4.02 3360 3553 
LP967155-347 14 261 1 -1 I 0 -1 1 0 1 2.32 1344 3286 
LP967155-354 15 261 1 0 1 1 0 1 0 4 8.62 4905 3635 
LP967155-436 16 261 -1 0 0 1 0 0 -1 -1 4.32 3292 3749 
LP967155-449 17 261 1 1 -1 -1 -1 0 0 -1 4.81 3628 3282 
LP967155-463 18 261 1 0 -1 -1 0 -1 5.96 4435 3711 
LP967155-477 19 261 1 -1 1 -1 1 1 -1 1 4.15 2620 3622 
LP967155-479 20 261 1 -1 1 -1 1 -1 1 1 3.29 2016 3076 
LP967155-488 21 261 1 1 -1 -1 0 -1 4.04 3091 3914 
LP967155-535 23 261 0 1 -1 1 -1 1 1 3.38 2083 3524 
LP967155-545 24 261 -1 1 -1 -1 -1 1 1 -1 6.54 4838 3408 
LP967155-568 25 261 -1 1 -1 -1 1 -1 -3 3.63 3360 3560 
LP967155-700 29 261 -1 -1 -1 1 1 -1 -1 -3 3.82 3494 3320 
LP967155-706 30 261 0 -1 0 1 1 1 -1 1 5.41 3494 3698 
LP967155-764 32 261 1 1 1 1 0 -1 1 4 9.49 5510 4069 
LP967155-788 33 261 -1 0 1 -1 0 -1 -2 5.76 4569 3398 
LP967155-836 34 261 1 -1 -1 -1 0 0 0 -2 6.34 4972 3892 
LP967155-150 35 261 1 -1 -1 -1 1 1 0 6.94 4838 3728 
LP967155-162 36 261 0 0 1 0 0 0 0 1 5.12 3292 3632 
LP967155-272 37 261 -1 -1 -1 -1 -1 -1 1 -5 4.28 4367 3517 
U\ Ui 
Table A16. (continued) 
SSR Marker 
Line Entry Test SM002 SM003 SM008 SM009 SMOlO SMOll SM012 Model' Model' Model5 F3:6H 
(M) (R) (P) 
kg ha'' kg ha"' 
LP967155-321 38 261 I 0 1 -1 1 0 1 1 7.53 4972 3589 
LP967155-419 39 261 1 0 -1 J -1 1 -1 -2 2.10 2016 3823 
LP967155-437 40 261 1 0 0 I 1 1 0 2 4.65 2688 3394 
LP967155-446 41 261 1 0 1 -1 0 -1 1 -1 6.06 4502 3989 
LP967155-453 42 261 1 1 -1 1 1 1 1 5 8.73 4703 3949 
LP967155-471 43 261 1 0 1 0 -1 1 2 6.38 3897 3943 
LP967155-586 44 261 1 0 -1 -1 1 -1 -1 -2 4.41 3628 3400 
LP967155-599 45 261 1 1 1 1 -1 1 0 4 7.66 4233 3626 
LP967155-604 46 261 1 0 1 -1 1 1 -1 2 7.92 4972 3642 
LP967155-746 48 261 1 1 0 0 0 2 5.42 3225 3673 
LP967155-769 49 261 1 0 -1 -1 0 1 0 0 3.85 2688 3657 
LP967155-776 50 261 -1 0 -1 -1 -1 -1 1 -4 3.42 3494 3501 
LP967155-863- 51 261 -1 -1 1 1 -1 1 0 0 5.97 4166 3622 
LP967155-866 52 261 1 0 -1 -1 1 -1 0 -1 3.94 3024 3531 
LP967155-31 53 261 1 0 1 0 1 1 1 5 5.45 2419 3651 
' Sum of the scores for seven SSR markers. 
' Index score based on the yield of lines in the 1997 progeny row yield test (PRYT) and the net molecular marker score. 
« Yield of the line in the 1997 PRYT in kg ha 
H Mean yield of the line in the 1998 replicated yield test kg ha'. 
Table A17. Regression coefficients, b, 
used in the index R based 
on P and M. 
Method r 
Test P M 
-b 
YT160 0.14 1.00 
YT190 0.10 0.22 
YT231 0.01 0.83 
YT261 0.10 0.40 
YT263 0.04 0.23 
YT265 -0.01 -0.42 
YT291 0.06 0.23 
YT292 0.09 0.41 
YT293 0.02 0.07 
YT294 0.05 0.13 
YT332 0.02 0.05 
YT333 0.03 0.45 
YT334 0.03 0.40 
P = Yield in progeny-row-yield test, 
M = Molecular marker score. 
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